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A B S TR A C T
Hamilton, James D,, M.A., December 1975 Zoology
Sore Aspects of Renal Function, Temperature Regulation, and Bcxty Weight 
Changes in Dehydrated Black-Tailed Prairie Dogs (Cynonys ludovicianus) (44 pgs.)
Director: E. W. Pfeiffer
Black-tailed prairie dogs (Cÿnomys ludovicianus ) were deprived of food 
and water for several days during the suttiner and for several weeks during the 
fall and winter. The suntner experiments were carried out at room temperature 
and the winter experimaits were carried out in a hibemaculum between 5-8° C. 
Abdominal temperatures were determined in same of the animals radiotelametry.
Summer dehydrated animals were killed vÆien maximum urine concentration 
was achieved. Active winter dehydrated animals were killed after 7-35 days 
in the hibemaculum with Tb varying between 17-35° C. Torpid winter dehydrated 
animals were killed after 19-42 days in the hibemaculum when their bot^ tenper- 
atures indicated they were in torpor.
Kidneys were removed immediately after death, a central section was cut out 
and frozen in dry ice and acetone, and slices of cortex and medulla were analyzed 
for urea, sodium, and potassium concentrations. Blood and terminal bladder urine 
were also (detained and urea, sodium, potassium, and osmotic concentrations were 
determined. Body weights were determined at the beginning and end of each 
experiment.
The data show that sumner dehydrated prairie dogs lost weight rapidly, 
reached a maximum urine concentration ceiling in 3-4 days or less, possessed a 
pronounced renal medullary solute concentration gradient and the highest plasma 
urea and osmotic concentrations observed in these experiments. Active winter 
dehydrated animals had a higher per day weight loss than torpid animals, and a 
pronounced renal medullary solute gradient (varying with T̂ )̂. Winter torpid 
animals lost less veight per day than other animals, did not possess a renal 
medullary solute gradient, had the lowest plasma urea and osmotic concentrations, 
and were not dehydrated at the termination of the experiment. The torpid animals 
displayed short, cyclical patterns of extreme changes in bcx^ temperature (in 
torpor, 8-11° C, in the active state, 32-36° C).
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CHAPTER I  
INTRODUCnCN
During the past twenty five years, many investigators have studied the 
problems of physiological adaptaticHi to extreme environments in hcmeothermic 
animals. A search through the literature indicates that much of this work 
involves the study of estivation and hibernation in manmals, most notably 
among members of the family Sciuridae. Hudson (1964) described estivation 
as the phenomenon of summer dormancy, vhich differs from hibernation on the 
basis of seasonality and tenperature. Hibernation has been defined several 
ways, none of which seem satisfactory to all of the researchers in hibernation 
physiology. Hoffman's (1964) definition of hibernation, vhich still remains 
acceptable in view of the current research being done in this field, is 
described as a periodic phenomenon in vhich body temperature falls to a 
low level approximating the ambient teaperature, with heart rate, metabolic 
rate and other physiologic functions falling to minimal levels.
Considering the obvious species variations in response to temperature 
changes, fasting, ease of entering hibernation and depth of hibernation, 
terminology has been proposed for several types of hibernation. Seasonal 
hibemators are those that adhere to a cyclical rhythm and enter hibernation 
regardless of ambient taoperature (Ta) and/or food and water deprivation; 
this is the case with most sciurid hibemators. Oanversely, obligate 
hibernators do not adhere to any cyclical rlnythm in hibernating and are 
forced to hibernate (or become hypothermic) under certain conditions of 
food deprivation or reduced temperature, or both (Morrison, 1960). Morrison 
states that permissive hibemators store and use food prior to hibernation 
and during periods of arousal, thus ppearing to have an option as to hibernation.
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Folk (1966) believed that seasonal hibernation is spontaneous and starts 
prior to stress, vdiereas obligate hibernation is induced and is a result 
of stress. Exaitples of seasonal hibemators would be yellow-bellied 
marmots (Marmoba flaviventris) and Columbian ground squirrels (SpermorAiilus 
colutnbianus), The Syrian hamster (Mesocricetus auratus) is an exanple of 
a permissive hibemator, and the pocket mouse (Perognathus sp. ) is a 
representative obligate hibemator.
In this study, I propose to divide hibernation into two categories: 
obligate and facultative. An obligate hibemator would be an animal that 
is required to hibernate (or become torpid) because of seasonality, 
temperature stress, food and/or water deprivation, etc. A facultative 
hibemator (or hypotherm) would not be required to become torpid if subjected 
to the aforementioned conditions, thereby having the option of remaining 
active (aroused) or lowering its bcxty temperature (Ib) and remaining in a 
torpid state for a certain length of time. The black-tailed prairie dog 
(Cynottiys ludovicianus) belongs to the family Sciuridae, but is not considered 
a "true hibemator" in the classical sense (seasonal type), whereas a closely 
related species, the vdiite-tailed prairie dog (Cyncmys leucurus) does hibernate 
during the winter and is considered a true seasonal hibemator. King (1955) 
writes "periods of winter dormancy and decreased activity have been observed 
in active prairie dogs. Gunnison's prairie dog (Cynorys gunnisoni) went 
into hibernation for the winter, whereas C. ludovicianus slept for short 
intervals of 3-4 days throuÿiout the winter. Observations suggest that 
hibernation is less complete in C. ludovicianus than in related species, with 
short periods of dormancy during the winter appearing to be characteristic.
The animals apparently hole up during the worst weather, but ccme out at 
intervals when the weather is more favorable."
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Literature dealing specifically with hibematicn in the black-tailed 
prairie dog is meager. Anthony (1955) observed sporadic rather than 
continuous hibernation occurring with this species, as evidenced by the 
frequent appearance of prairie dogs above ground in the middle of the winter.
In his laboratory colony of prairie dogs, Anthony was able to induce short 
periods of lethargy at very low anbient temperatures, provided that available 
food and water were removed from the animals. Three prairie dogs that Anthony 
kept in an outdoor cage during freezing temperatures up to 14 d^s, lost 
considerable weight and went into a much deeper dormant state which he 
referred to as a "cold narcosis". Tileston and Lechleitner (1966) ocmpared 
the black-tailed and vhite-tailed prairie dogs in North-Central Coloredo and 
dispute the evidence in svpport of the assunption that C. leucurus "hibernates" 
and C. ludovicianus does not hibernate. Their observations indicate that the 
total activity and food intake of C. ludovicianus is greatly reduced during 
the winter. Further, they observed that during early winter only portions 
of the C. ludovicianus population were active above ground at any one period. 
They felt that a portion of the black-tailed prairie dogs in a particular town 
may have beccme dormant in shifts, with seme animals arousing periodically to 
ccme above ground for limited times and limited activities.
There have been few studies in the laboratory done with black-tailed 
prairie dogs during torpor. Using external thermocouples attached to the 
animal, J. Turner (Personal Ocnmunicaticn) has found that C. ludovicianus 
is capable of lowering its bcxfy température to 5°C when the ambient tenperature 
is 5°C (only between Oct-Feb). Turner also observed the activity of C. 
ludovicianus during torpor and found that the animal will arouse every 4-5 
days to urinate and occasionally defecate (Ibid).
Whether or not C. ludovicianus hibernates ôr remains active throughout
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the late fall-early spring is irrportant when one cxnsiders the stressful 
environmental oonditians experienced by this animal during this period. 
Black-tailed prairie dogs are largely dependent upon annual foitos and 
grasses for food (Tileston and Lechleitner^ 1966). During the late fall, 
winter, and early spring, the black-tailed specd.es frequently eat the roots 
of several varieties of forbs and grasses (Tileston and Lechleitner, 1966 
and Smith, 1958). Black-tailed prairie dogs have not been observed to 
drink water in the wild (King, 1955), and drink very little water in the 
laboratory vhile in activity (Boioe and Witter, 1970). With the onset of 
winter, most of the moisture providing vegetation that C. ludovicianus 
requires has been severely depleted or has died, leaving only tubular roots 
and shoots as a food and water source. Water conservation beccrnes a problem, 
and a urine hypertomic to its body fluid must be produced by C. ludovicianus 
as one means of maintaining an internal osmotic equilibrium. Additionally, 
with ambient tenperatures dropping belcw freezing and snow cover iitpeding 
daily activity, the black-tailed prairie dog is presented with a severe 
seasonal stress. Most sciurid hibemators avoid the situation ty burrowing 
and remaining in a torpid state for 10-14 days at a time, arousing only to 
urinate and then re-entering torpor for the duration of the stress (Moy al., 
1972). As the literature indicates, black-tailed prairie dogs remain relatively 
active throughout the winter and are thereby subject to the problems imposed 
ipon a terrestrial hcmeotherm in the cold, without adequate food or water.
If this animal does undergo intermittent, short periods of torpor or 
"hibernation" during severe winter weather, then there would be a favorable 
energy saving. The energy cost of arousal is by far the major cost of the 
torpor cycle, so the longer the animal remains in a torpid condition the 
greater the saving, Pengelley and Fisher (1961) and Beers and Richards (1956)
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studied changes in body weights of hibemators throu^out the hibernating 
season and determined that the loss of bcx^ weight was dependent on the 
number of arousals and the length of the awake periods. In some animals, 
the periodic arousals from torpor consume from 55 to 90% of the total heat 
production and metabolic weight loss (Tucker, 1965). Penngelley and Fisher 
(1961) suggested that this metabolic weight loss is due primarily to the 
loss of water formed by the oxidation of the stored fat- Oxidation of 1.0 
gram of fat yields approximately 1.08 grams of water. (Pengelley and Fisher, 
1961) the retention of this water by a hibernating animal would cause a 
lethal dilution of the bo<^ fluids. Metabolism during torpor produces very 
little water from fat oxidation and most of this will be lost through 
evaporation frcm the respiratory surfaces, ev^xiration from body surfaoe, 
and loss through urine.
Conflicting data oonoeming urine formation by hibernating animals is 
still present in the current literature involving hibernation physiology.
Moy and Pfeiffer (1972) found that no urine is produced in the Goluttbian 
ground squirrel (Spermophilus oolurtbianus) during deep hibernation. Moy 
(1972) determined that urine formation begins during the arousal process 
frcm hibernation. Tenpel and Musacdhia (1975) in their studies with 
hibernating and hypothermic golden hamsters (Mesocrioetus auratus) also 
found decreased urine production a low body temperatures. Ihey found that 
in both hypothermia and hibernation, there occurs a decrease in systemic 
blood pressure vÆiich results in a decreased filtered load presented to the 
renal tubules and, in turn a depression in their ability to transport filtered 
elements. They found almost no urea and electrolyte oonoentraticn gradients 
in renal tissue slices of the kidneys of both hypothermic and hibernating 
hamsters. Thus, at very lew body temperatures, filtraticn and henoe excretion
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might be expected to step. Conversely, Zatznvan and South (1972) obtained 
evidence of maintained renal function of marmots during hibernation. In 
a (xntinuing stut%̂  by the same researchers (1975) , they demonstrated that 
not only did urine flew cxxzur during hibernation (although flow was found 
to be low), it was measurable and hypertonic to the plasma. Zatzman and 
South also demonstrated that the osmotic oonoentraticn of medullary slices 
from the kidneys of hibernating marmots was in the range of urine osmotic 
oonoentration measured, although lower than those of normothermic animals. 
Additionally, they found that hibernating marmots were enable of excretion 
of both filtered (inulin) and secreted (PAH) materials. Passmore et. al. 
(1975) found a significant accumulation of serum urea in the blood of 
hibernating Colombian ground squirrels and concludes that the kidney is 
not eliminating nitrogaxaus wastes vhile the animal is torpid.
As stated earlier, the present literature on physiological studies 
during torpor and dehydration in the black-tailed prairie dog is very 
limited. There have been no published reports to date on renal function, 
temperature regulation, or rates of bcx^ weight loss in this animal during 
hibernation or dehydration. Therefore, the objectives of this study were 
to:
1. Study some aspects of raial function of surmer dehydrated, winter 
dehydrated, and winter torpid black-tailed prairie dogs by;
a) Comparing the urea and solute gradients in the kidneys, urine 
and plasma of these dehydrated animals.
b) Ccnparing the urine to plasma (U/P) osmolal ratios between 
dehydrated prairie dogs.
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2. Provide further evidence as to whether or not the black-tailed 
prairie dog is capable of undergoing periods of hibematicn or 
intermittent torpor ky:
a) Determining bc%%r tenperatures during exposure to dehydration 
in the cold during late fall and winter.
b) Determining changes in body wei^t during dehydration in the 
oold (5^8° C) and in warm (22° C) temperatures.
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CHAPTER II 
MA3ERIAIS AND METHŒS
Animals
Itie animals utilized in this study were 19 black-tailed prairie dogs 
(Cyncmys ludovicianus), that were live tr^ped frcm a prairie dog tcwn 
located near Helena/ Montana on the Ft. Harrison Military Reservation.
The animals were caught in Tomahavk live animal tr^s that were baited with 
either peanut butter rolled in oatmeal or plain rolled oats. The animals' 
weights at capture varied from 0.5-1.2Kg, depending on the age of the animal 
and time of year trapped. Most were trapped in August and September of 
1973 and 1974, and the majority of trapped prairie dogs were "short" yearlings.
Initially the prairie dogs were fed Purina lab chow (primarily alfalfa 
pellets) and were provided water daily. This feeding regimen was discontinued 
in August, 1974 because of the extreme wei^t gains (40-50% of initial bocty 
weight) made by the captive animals (seme animals increased their wei^t to 
1.9 Kg from initial weights of 0.8 to 1.0 Kg). Daily portions of lettuce, 
carrots and two pellets of Purina lab chow without water were substituted 
and weights remained fairly stable with most animals weighing between 0.9-
1.4 Kg.
In Ocbober-November of 1973, eight animals were placed in a hibemaculum 
in metal cages with bedding material and were provided food and water, but 
the animals remained oompletely aroused. 3h subsequent experiments, all 
animals were denied food and water and three experimental groups were studied. 
Group I consisted of five prairie dogs that were killed while torpid (in late 
December to late January) with boc%r tenperatures between 10-14° C. The animals 
were in a hibemaculum between 19-42 days and were exposed to T^'s between
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5-8® C. Group II ocnsisted of eight prairie dogs that were killed after 
being in the hibernaculum for 7-35 days (between late Deoanber 1973 to mid- 
March 1974). Their 1^'s varied between 17-35® C, with the T^ also between 
5-8® C. Group III oonsisted of six animals that were killed after 2-8.5 
days without food or water (between June to October 1974). Ihe was 
between 20-22® C with varying from 32-38® C. Animals in Group III were 
maintained in metal cages without cotton bedding material.
Experimental Procedure
The following procedures were carried out on all three groups of animals. 
At the termination of each experiment, an animal was removed frcm its cage, 
and its rectal %  teitperhture was determined by use of a WESC30 quick- 
registering thermometer. Body weight was determined on a Toibal torsion 
balance, and the sex of the animal was determined. Weights of all animals 
were also recorded at the beginning of each experiment. Each animal was 
killed by a sharp blew on the head and its left kidney was removed and 
iitmediately frozen in acetone and dry ice. A section of abdominal muscle 
was also removed frcm each animal, and terminal bladder urine and plasma 
samples were taken. The sectioning of the kidney and subsequent determina­
tions of urea, sodium, and potassium concentrations in renal tissue slices, 
urine, and plasma foUcwed the methodology of Moy (1972), except that the 
prairie dog kidney was sectioned into 5 zones instead of 6 (two cortical 
zones (Cl and C2), an outer medullary zone (OZ), and two inner medullary 
zones (IZl and IZ2) , with IZ2 representing the tip of the papilla). A 
Beckman Spinco colorimeter (Model 151) was used for urea determinations.
A Beckman flame spectrophotometer (Model DU) was used in determining sodium 
and potassium concentrations.
Standards and Controls
Four nitrogen standards were used to calibrate the colorimeter for urea
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determinations. In addition, urine and serum samples, with known urea 
OGnoentrations, were obtained frcm Hyland Laboratories and were run ooncurrent 
with each urea analysis. Five sodium and potassium standards were used to 
calibrate the flame spectophotometer prior to analysis. Additionally, Hyland 
urine and serum satples, with known sodium and potassium oonoentraticns, were 
also run concurrent with each analysis. Sodium chloride standards ranging 
frcm 100-1800 itOsirv/kg were tested on the Fiske Osmometer periodically with 
the unknown samples. Calibration standards obtained from the Advanced 
Instruments, Inc. were also used.
Temperature Measurement
Nine of the animals were monitored with indwelling, temperature-sensitive 
radio transmitters obtained frcm the Mini-Mitter Company (Model V). The 
transmitters were implanted intra-peritoneally at least one to two days 
prior to the beginning of an experiment. Tenperature recordings were obtained 
hourly by using a modified AM radio receiver vhose direct current (DC) output 
was fed into a hi^-gain amplifier on a Gilson polygr^h (Model GME). 
Experimental Groups
Ihe three experimental groups were treated as follcws:
A. Group I- Winter Torpid, Dehydrated
All animals in this group had implanted radio transmitters for 
continuous bcx^ temperature measurement. Ihe animals were removed 
frcm the hibemaculum only if their %  was belcw 15° C and only if 
they maintained this lew I^ for at least 24 hours.
B. Groip II- Winter Dehydrated, Active
IWo of the animals in this groip (#6 and #7) had implanted radio 
transmitters. The animals in this group had terminal I^'s varying 
from 17.6°-35.2° C.
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c. Group III- Suitmer Dehydrated, Active
Two of the prairie dogs in this group had iirplanted radio transmitters 
(#15 and #17). The animals were denied food and water for varying 
lengths of time, urine sanples were obtained by placing their cages 
over large polyethylene funnels. The funnels were screened to 
prevent fecal contamination of the urine that was channelled into a 
beaker containing paraffin oil and a few thymol crystals. The state 
of ddiydration was indicated by osmolal i ties of urine sartples collected 
during the time the animal was dehydrated. If the prairie dog appeared 
to lose its ooncentrating capacity (as evidenced by a dilute urine), 
the ezqeriment was quickly tenninated and the animal was treated as 
above.
Statistical Analysis
Intragror^ ocmparisons of plaana and urine solute oonoentraticns, and 
oortioomedullary gradients were made using a nonparametric test (Mann and 
Whitn^, 1947). The Mann-Whitney U-test was also used for comparing mean 
solute concentrations of plasma, urine and kidneys between groups of prairie 
dogs studied.
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CHAPTER III 
RESULTS
Urea Ocaioentxaticais
Renal Tissue Slices
The kidneys of all sunmer dehydrated prairie dogs (Group III) had 
pronounoed urea gradients extending frcm the cortex to the papilla (Table 1). 
Ocmparisons of urea conoentraticsns between cortex and medulla and outer 
medulla and pallia shewed a significant difference (P <, 05). The kidneys 
of winter dehydrated prairie dogs (Group II) were ccnparable in those of 
Gro\ç) III in terms of a urea gradient. The urea gradients were less in 
those animals killed at low body tenperatures than in those killed at high 
boc^ teaiperatures. The kidneys of torpid prairie dogs (Grotp I) had little 
or no urea gradient extending frcm the cortex to the papilla (Table 1).
There was no significant difference (P>.05) in urea concentrations between 
the cortex and medulla or between outer medulla and pailla. Thos animals 
killed at a higher Tb did shew a slight urea concentration gradient when 
ocmpared to animals killed at a Icwer T̂ . Table 2 and Fig. 1 represent the 
mean renal tissue fluid to plasma urea oonoentraticn ratios (IF/P). The 
TP/P of the cortex (Cl) and the pailla (IZ2) in Group III animals was 3.0 
and 43.0 respectively. Mean TF/P ratios of the cortex of the papilla of 
Group II animals were 4.2 and 57.3. In Group I animals, these ratios were 
2.6 in the outer cortex and 4.6 in the pailla. Mean urea muscle to plasma 
(M/P) ratios were 2.9 for Group III, 3.1 for Group II, and 2.3 for Group 
I animals.
Urine
The mean urea concentrations in terminal bladder urine of Group III 
animals (Table 1) was significantly hi^er (P .05) than either Group II or
12
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
13
Group I. Terminal bladder urine to plasma urea ratios (U/P) were also 
higher in Group III animals (Table 7 and Fig. 4). Not all Group III 
animals had bladder urine when they were killed, and therefore the last 
urine collected was used to calculate urine urea concentration and U/P 
ratios. Group II animals had both higher urine urea concentrations and 
higher U/P ratios than Group I animals.
Plasma
Ihe plasma urea levels between all three groups differed significantly 
(P <.002), with plasma urea being most concentrated in Group III animals 
(Table 1). The mean plaana urea concentrations were 9.6 iriM/l for Group III,
7.5 nti/1 for Group II, and 6.4 irtVl in Group I.
Sodium Concentrations
Raial Tissue Slices
The kidneys of all Group III prairie dogs had pronounoed sodium gradients 
exbaiding frcm the cortex to the tip of the papilla (Table 3). Catparisons 
of sodium conoentrations between oortex and medulla and outer medulla and 
papilla showed significant differences (P-<.05). Group II animals showed 
a more pronounced sodium gradient in their kidneys than Group III. All 
Group I animals shewed a slight increase in sodium concentration extending 
from the cortex to the tip of the papilla. These differences between sodium 
ocnoentrations of oortex and itedulla and between sodium concentrations of 
outer medulla and papilla were slight but significant (p<.05).
The mean renal tissue fluid to muscle (TF/tt) concentration ratios for 
sodium shewn in Table 4 and Fig. 2 demonstrate pronounced medullary gradients 
in all groups except Group I. The mean TF/iA ratios for the oortex and 
papilla in Group III animals were 1.6 and 7.2 respectively, 1.5 and 8.9 for
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Group II, and 1.4 and 1.8 in Grorp I. Mean plasma to muscle (P/M) sodium 
oonoentration ratios were 4.9 for Group III, 3.7 for Group II and 3.1 for 
Group I.
Urine
The oonoentration of sodium in the urine varied considerably between 
prairie dogs within all three groups. The mean sodium oonoentraticns in 
terminal bladder urine of Group III animals was 66 mBq/1, 50 iriEq/1 for 
Group II, and 35 rtEq/l in Group I animals (Table 3).
Plasma
Ihe sodium oonoentrations in plasma were highest in Group III animals, 
with significant differences (P^.002) existing between all three groups of 
animals. Mean sodium plasma ocnoentrations were 156 mEq/1 in Group III 
animals, 139 mEg/1 in Gro\;ç> II animals, and 143 mBq/1 in Group I prairie 
dogs (Table 3).
Potassium Conoentrations
Renal Tissue Slioes
No potassium oonoentration gradient extending from the oortex to the 
pailla existed in kidneys of prairie dogs of any group (Table 5). Mean 
potassium conoentrations in kidn^ tissue slioes were lower in Groip III 
animals than those in Group II or I animals, but were not significantly 
different (P>.05).
Mean potassium renal TF/P ratios were calculated for all three groups 
of animals (Table 6 and Fig. 3). Again, the mean renal TF/P ratios of 
potassium were lower in Groiç) III animals than in the other two groups. 
Terminal U/P potassium ratios were highest in Group III prairie dogs while 
potassium muscle to plasma ratios were highest in Group I prairie dogs.
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Urine
The urine of Groiç) III animals possessed the highest oonoentration 
of potassium with a mean value of 165 mEq/1. The mean potassium oonoentra­
tions in the urine of Group II animals was 55 mE(^l, with Group I having 
a mean oonoentration of 62 iriEq/1, but there was oonsiderable variation 
in both grocçjs.
Plasma
Ihere was no significant difference (P>.05) in plasma potassium 
oonoentrations between Groups. The mean plasma potassiim oonoentrations 
for the three groiçs were 8.0 icEq/1 for Group III, 8.7 mEq/1 for Group 
II, and 7.5 mEq/1 for Group I prairie dogs.
Osmolality
Group III animals had the most ocnoentrated urine and plasma (Table 7), 
with mean values of 1614 nOsrtvTcg and 340 itOsn/kg respectively. Groiç> II 
animals had a mean urine osmolality of 972 mOsm/kg and a mean plasma osmolality 
of 318 mOsnv/kg. Group I animals had the most dilute urine and plasma, with 
mean values of 726 mOsm/kg and 313 mOsnv/kg respectively. Osmolal urine to 
plasma ratios (U/P) vere determined for all three groups of animals (Table 7). 
Group III animals showed the hipest ratios and Group I the Icwest ratios. 
Figure 4 shows the relationship between U/P osmolal ratios and dehydration 
time for all three groups of animals.
Bo(^ Wei^t Loss During Dehydration
Both per cent of initieLL weight lost and amount of weight lost per 
kilogram of initial body weight/day, during the experiments, were calculated 
for all groups of prai rie dogs (Table 8). Group I animals had the highest 
mean % boc^ weight loss (31%), but lost less weight during their time in
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déhydration (10.2 g/kg/day) when œttpared to Group II and III animals.
Group III animals lost the most weight during their short time in 
dehydration (40 g/kg/day) , but had the lowest mean % body weight loss 
(11%). Group II prairie dogs lost 28% of their body wei^t vdiile dehydrated, 
with an average daily wei^t loss of 14.0 g/kg/day. Figure 5 shows the 
relationship between wei^t loss during the time dehydrated, in all three 
groups of animals.
Body Taiperature Measurements
Because all Group I animals had inplanted radio transmitters, changes 
in over different periods of time were determined. All of the animails 
in this group showed the same basic cycle of changes (See Fig. 6). A 
typical animal in this group would remain cxitpletely active in the hibemaculum 
frcm 7-10 days, maintaining its between 32-38® C. Ihe next 10 days would 
be charac±erized by short, intermittent drops in (i.e. 17° C, 14° C, 12° C), 
and the animal would remain at these I^'s for a period of a few hours to a 
day. Eventually, after the prairie dog had been in the hibemaculum for 
^proximately 15 days, these intermittent drops in Tĵ  would become less 
frequent, with 1^ usually becoming lower each time and duration of torpor 
increasing frcm a few hours to 2-3 days. The I^ cycles of all animals in 
this group was characterized by the same phenomenon: when they started to 
lower their bcxty tertperature, they did so in a very rapid fashion (6-8 hours). 
Rarely, did any of these animals remain at an intermediate (ie. 20° C) 
before arriving at its minimim Tĵ  ( 13° c). The rate of arousal was even
more r^id than that of decline into toipor (4-5 hours). One prairie dog 
in this group raised its Tĵ  frctn 12.8° C to 35° C in three hours, while at 
a Tĝ  of 6.0° C. As Figure 6 indicates, once an animal had been in the
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hibeamaculm for ^ p̂rcacimately 20 days, its Ty when aroused was usually 
between 31-34® C rather than the normal homeothermic range of 35-38® C. 
The prairie dogs in this gro\:ç> had %'s between 8.2-38° C, with most of 
torpid animals maintaining a %  belcw 20® C approximately 30% of the time. 
Only two prairie dogs in Group II had implanted transmitters (See Fig. 7) 
and both of these animals remained ocnpletely active (% between 33-38® C) 
throughout the eperiment (30 days frcm late-January late February). The 
remaining six animals in this group that were monitored periodically had 
rectal temperatures varying frcm 17.6-35.2® C. The two instrumented 
animals in Group III had radio transmitters that changed frequency 
midway through the experiment. Therefore exact teaperature measurements 
were not recorded, but the data suggest that there was little deviation 
frcm a normal %  range (36-38® C) vhile the prairie dogs were dehydrated. 
Terminal bcx^ temperatures in this group varied frcm 32.8° C to 38.0° C, 
with a mean value of 35.6® C (appaidix).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
7)
CD■DOQ.
C8Q.
■D
CD Table 1
C/)Wo'3O
3
CD
8
(O '3"Ï
3
CD
3.
3"
CD
CD■DO
Q .Cao
3■DO
CDQ.
"D
CD
mm UREA CXNCSNTRAmCNS m REmL TISSUE SLICES,
PLASMA AND UKENE
ntVl
C/)
o'
3
Sample
Groip I
Torpid Prairie Dogs
Groip II
Winter Aroused Prairie Dogs
Group in
Nortrothermic Prairie
Cl 17±7.1 28116.5 29110.4
C2 19+10.0 66138.0 69127.0
OZ 23110.6 213184.8 284163.0
IZl 25110.0 3121152.0 4131104.0
IZ2 30119.0 4351209.0 5031100.0
Muscle 1415.3 2218.0 27122.0
Plasma 6.410.5 7.511.8 9.612.1
Terminal 
Bladder Urine
3851104.0 5531220.0 8561150.0
CD■OO
Q .
Cg
Q .
■D
CD
C/)Wo"30
3
CD
8
ci'3"
1
3
CD
"nc3.
3"
CD
CD■DO
Q .CaO
3■DO
CD
Q .
■D
CD
Table 2
Sanple
MEAN UEEA TISSUE FLUID TO PLASMA (TF/P), URINE TO PLASMA {ü/P), 
AND MUSdfl TO PIASMA (Ï0») RATIOS
Groiç) I
Torpid Prairie Dogs
Group II
Winter Aroused Prairie Dogs
GroJp III
Normothermic Prairie Dogs
Cl 2.6+1.1 4.213.6 3.011.3
C2 3.0±1.5 9.115.6 7.212.8
OZ 3.511.6 28.9111.6 29.917.9
IZl 3.811.6 38.1121.6 43.5112.8
IZ2 4.613.1 57.3127.4 52.8111.5
Terminal U/P 60.8115.3 70.1121.0 90.7123.3
M/P 2.310.9 3.112.0 2.911.2
VD
C/)c/)
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
I
V
E
a>_c
■4—o
Ew
0 c
1
toH—zm
O<
O
a:
3
I0>>
u
0
0)
c
1
I
no
Q.%_
o
•4—
&_
0>
c
1 I
I
I
lo»o
oW)
ui
OTf
lOCO
on
mCN
OCN
m
O0>L_3
Q.
I
u
CN
I
u
N
O
IN
CN
IN
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CD■DO
Q .
Cg
Q .
■D
CD
C/)Wo"3
3
CD
8
ci'3"
i
3
CD
"nc3.
3"
CD
CD■DO
Q .CaO
3■DO
CD
Q .
■D
CD
C/)
C/)
Table 3
MEAN SODIUM OONŒNTRATtCNS IN RENAL TISSUE SUCES, 
PIASMA. AND URINE 
mPq/l
Sanple
Group I
Itorpid Prairie Dogs
Group II
Winter Aroused Prairie Dogs
Group III
Normothennic Prairie
Cl 67±10.8 63±22.2 55115.5
a 66+9.8 117±61.2 82114.9
OZ 73±7.6 220±78.7 157144.5
IZl 77+8,0 273185.4 201148.8
IZ2 86±8.2 338173.6 242156.0
Muscle 47±15.3 40113.7 34111.3
Plasma 143±3.4 13919.3 15612.8
Terminal 35±29.7 50150.8 66147.4
H
Bladder Urine
22
I
to
n
o-HVO
CD
%m
CM
iH VO
a a
VO
CMdCM
r*
m
I—4 •H <J\
TP
a
II
m
c>■Hin
r4
1-4-HOV
CM
n CO VD CM
#—4 1—4 Tf 1— 144 44 -H 44VO O OV r~
in r- CO CO
m
o-H•M*
•sji
sVO 
c—I
in
SVO CO
o
a
n
I Î03 d  0 rHO H
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
23
Fig, 2. Histogram of mean renal tissue fluid to rnusdLe 
sodium oonoaitration ratios (TF/%). Groc^ I H  = noiinothermic (n = 6), 
Groiç> II = winter active (n = 8), Grou^ I = winter torpid (n = 5),
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Fig. 3. Histogram of mean renal tissue fluid to plasma 
potassium oonœntraticn ratios (TF/F). Group III = noimiothermic 
(n = 6), Group II = winter active (n = 8) , Group I = winter torpid 
(n = 5).
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Tabla 7
™ M IN A L  UKTNE AND PIASMA 06M 3LALITIES (raOstryTcg)
AND OSMDIAI, U/P RATIOS
Plasma Urine U/P Ratio Days Dèhydrat-«=>̂
2
2
2
2
3
8.5
3.25
17
U
26
7
35
29
32.5
32
23.7
30.5
34
42
19
30
31.1
Group I I I
# 13 340 1900 5.6# 14 336 1825 5.4# 12 349 1700 4.8# 16 340 1160 3.4# 15 . 330 1200 3.6
# 17 345 1900 5.5
Mean 340 1614 4.7
Groqp I I
# 2 300 630 2.1
# 5 290 340 1.2
# 1 298 762 2.5
# 8 327 656 2.0
# 4 347 44- 44-
# 10 300 1550 5.2
# 7 345 1800 5.2
# 6 337 1070 3.2
Mean 318 972 3.1
G ro ip  I I I
# 18 300 620 2.0
# 19 315 980 3.1
# 20 320 1000 3.1
# 21 320 605 1.9
# 22 310 428 1.4
Mean 313 726 1.7
++ = No Sanple Available
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Fig. 4. Belationship between osmolal U/P ratios and days 
without food and water for all three groiç»s of animals.
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Table 8
PER CENT BODÏ WEIGHT IDES AND AVERAGE WEIGHT LOST 
PER Kg INITIAL WEIGHT PER DAY
No. Initdal Body Weight (g) % B.W. Loss g lostAq/day
Grovç> HI
Î ^  1075 6.9 34.4
Î 14 1320 7.0 34.8
# 12 1502 5.9 30.0
Î 16 1183 15,1 75.6
Î 15 820 15.0 50.0
# 17 1069 14.0 16.5
Mean 1161 10.5 40.2
Grotç) II
# 2 941 27,8 16.3
# 5 930 16.5 15.0
# 1 927 36.8 14.1
# 8 975 11.9 17.0
# 4 1024 32.4 9.3
# 10 1004 34.8 12.0
# 7 1353 37.1 11.4
# 6 1325 47.2 14.7
Mean 1050 30.5 13.7
Grotç» I
# 18 936 29.7 9.7
# 19 1119 23.6 9.0
# 20 1122 47.0 U.l
# 21 955 17.3 9.0
# 22 1005 35.0 12.0
Mean 1027 30.7 10.2
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Fig. 5. The relationship between weight loss (g/kg B.W./day) 
and the niirber of days each animal was dehydrated in black-tailed 
prairie dogs.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Q.
OOO OOO OO
O
O
oCO
oCM
-D0)
"D
_ca>O
>.Oû
00 «o «o CO CM —
Xop/6>i/4so| 6
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
31
Fig. 6. A typical taorperature cycle observed in a prairie 
dog between late Octdber-ndd January. Each dot represents a 
separate b c ^  temperature recording obtained from an animal vdiile 
at an ambient temperature of 7° C.
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Fig. 7. A typical temperature cycle observed in a prairie 
dog between late January and mid March. Each dot represents a 
separate boc^ tmperature recording obtained from an aninal \»diile 
at an ambient temperature of 7° C.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
_ >o n
n
_  m
CN
“D
_ O
— lO
in o on ro . CN ,3jn|DJdduj3j, Xpog
o
3
VO
C1_a>
JD
X
c
Xoû
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER IV 
DISCUSSION
The results of this stuc^ shew that certain aspects of renal 
function in the black-tailed prairie dog (Cynoinys ludovicianus) during 
torpor and arousal are very similar to those described by Mcy (1971) 
in Columbian ground squirrels and by Tenpel and Musacchia (1975) in 
golden hamsters. During torpor, there is no renal corticcraedullary 
urea gradient and no significant sodium gradient. As in all other 
species studied, there was no potassium gradient in the kidneys of 
any prairie dogs. The absence of a oortiocanedullary solute gradient 
during torpor suggests a lack of glomerular filtration, because filtra­
tion is needed to produce such a gradient (Jamison et. al. 1967).
Because bladder urine was hypertonic to the plasma in torpid 
prairie dogs, most of it could not have been produced during torpor 
because of the lack of a medullary gradient. It is possible, of course, 
that seme isosmotic urine was filtered although this is unlikely in 
view of the information cited above (Jamison ibid).
Urea concentrations were considerably higher in the plaana of both 
active summer and winter delrydrated prairie dogs than in winter torpid 
animals, vhich suggests that protein catabolism with subsequent nitrogen 
accumulation in the tissues is reduced in torpid prairie dogs. These 
data are similar to those of Galster and Morrison (1975), who found 
lower concentrations of urea nitrogen in the plasma of arctic ground 
squirrels (Citellus undulatus) during hibernation than in those during 
summer fasting and during the late arousal period. The low plasma 
urea concentrations found in torpid animals and the ability of these animals
33
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to maintain water balance (plasma osmotic concentrations rose very little) 
suggest that this species of prairie dog reduces protein catabolism during 
torpor and uses some other energy substrate/ vÆiose oxidation produces 
adequate water to maintain fluid balance.
The fact that sodium and osmotic concentrations were higher in the 
plasma of both surrmer and winter dehydrated prairie dogs v^en compared 
to winter torpid animals, is further evidence of a difference in energy 
substrates between torpid animals and the other two groups.
If torpid prairie dogs metabolized only fat during arousal, then 
the water liberated during oxidation of the fat would dilute the bo<^ 
fluids. Aroused (normothermic) prairie dogs may be using some other 
energy source (ie. lean bo<^ mass), thereby increasing the osmotic 
concentration of the bo<^ fluids. The urinary sodium concentrations 
were quite variable within the three grorps and were significantly reduced 
in both winter dehydrated and torpid animals. The low urine sodium 
excretion in animals undergoing periods of torpor may have been the 
result of increased aldosterone levels inducing tubular reabsorption 
of sodium in response to decreasing plasma sodium during arousal and 
entry into torpor (Morris and Davis, 1974). Yaakobi and Shkolnik 
(1974) found high urine sodium concentrations in dehydrated, non-torpid 
hedgehogs similar to the high concentrations found in sunmer dehydrated 
prairie dogs. Bakko (1975) found high sodium plasma concentration in 
dehydrated red and gray squirrels v^en compared to hydrated squirrels 
in the lab and the same squirrels in the field.
Because both winter dehydrated and winter torpid prairie dogs had 
lower urine potassium concentrations but similar plasma potassium concen­
trations than those of sunmer dehydrated animals, the kidneys of both of
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these winter dehydrated animals apparently were conserving potassium in 
response to the lack of potassium intake. The Grorp III normothermic 
animals apparently were not conserving potassium during the time they 
were dehydrated.
The ratios presented in the tables reveal considerable diversity 
of pl^siologic states among the three groips of dehydrated animals. The 
renal tissue fluid to plasma and muscle to plasma ratios for urea were 
considerably higher in both sunmer and winter dehydrated animals than in 
winter torpid animals, vAiich is further evidence that these animals are 
producing less nitrogenous metabolic products than the other grovps.
Terminal osmolal u/P ratios were higher in sunmer and winter dehydrated 
animals than in torpid animals, viiich gives seme indication of the osmotic 
state of these animals. A high U/P ratio suggests that the animal is in 
a stressed condition (dehydrated) and is actively trying to conserve water,
A low U/P ratio suggests than an animal is adequately hydrated and that 
water conservation is not an immediate prc±>lem.
The sodium P/M ratios give a good indication of dehydration among 
the three grorps, with torpid animals having the lowest ratio. The 
decrease of sodium concentrations in the plasma corpled with an increase 
of sodium concentration in the muscle without sodium intake, may indicate 
that water is moving from intracellular to extracellular fluid compartments 
in response to the dehydration stress.
Group III sunmer dehydrated prairie dogs had the lowest potassium 
concentrations in kidney tissue slices, lowest potassium TF/P ratios, 
highest potassium concentrations in the urine, and the highest potassium 
U/P ratios, which strongly suggests that more potassium is lost during 
the initial active dehydration phase than during torpor. The potassium
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ratios as well as the sodium Vi/P were highest in torpid animals, 
suggesting that a possible movement of water from intracellular to extra­
cellular fluid compartments is taking place. This would increase the 
potassium concentration muscle cells, much the same as with sodium.
Although the bo<^ weight loss on a per day basis was highest in 
summer dehydrated animals, this figure is sonevÆiat misleading. The 
animals in this group urinated and defecated quite readily during the 
short time that they were dehydrated. Limited studies by other researchers 
(Personal Oonmunication, Ron Wheeler), of weight loss during dehydration 
at room temperature and in the cold (T =̂6® C) during the surtmer, have 
shown that if the dehydration period is extended to the same duration 
as that of animals dehydrated in the winter, the average weight loss 
approximates that found in the two other groups. Animals dehydrated in 
the winter that remained active throughout the dehydration period had 
substantially higher per day weight losses than animals in either groups. 
With seme exceptions, the primary energy source for an active dehydrated 
animal, whether in the cold or in a T^ of 20° C, is fat lipolysis (Galster 
and Morrison, 1970). The respiratory quotient of hibernating animals 
approaches 0.7, suggesting that lipid rather than carbohydrate is the 
principal metabolite being utilized (Tashitna et. al., 1970). The evidence 
from this stuc^ suggests that lipid is the chief energy source for prairie 
dogs vhich are not fed or watered.
Galster and Morrison (1975) found normal levels of plasma lactate, 
FFA, glycerol and triglycerides of active ground squirrels force-fasted 
in both summer and winter but plasma urea levels increased to 2-3 times 
higher than normal concentrations found in man. This would suggest that 
protein catabolsim with subsequent increased urea production, is taking
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place losing lean bcx^ mass as the energy source. In hibernating animals/ 
they found a decrease in all of these levels late in the torpor period, 
suggesting that glucose reserves are restored by lipolysis during 
arousal, with minimal protein catabolism. Nelscn et. al. (1975) found 
that torpid bears in the winter inhibit the net production of urea and 
maintain constant lean body mass during the winter sleep by metabolizing 
only fat as a source of energy. They found that the bear could not 
dvç>licate this feat during the summer vrtien starved outside under ambient 
temperature or when housed in a hibemaculum. CWen (1969) demonstrated 
that there is a reduction in the total amount of glucose produced during 
prolonged starvation. He found that about one-half of the formed glucose 
during starvation is derived frctn recycled lactate and pyruvate. The 
remaining glucose was derived from glycerol released from triglycerides 
and amino acids mobilized from proteins. Owen states that "a reduction 
in protein catabolism during prolonged starvation is mandatory for survival", 
Further studies by other researchers (Wheeler, ibid) with two prairie 
dogs placed in a hibemaculum in the surtmer for more than 15 days, showed 
weight losses slightly greater than for two animals that were dehydrated 
at room température for the same amount of time. The weight loss incurred 
by those animals placed in a hibemaculum in the surtmer most closely 
approximated the weight loss of the Grorp II winter ddhydrated animals.
Groip I torpid animals had the least weight loss on a per day basis 
vAiile dehydrated, and presumably this is because of a very great decrease 
in urine production and the intermittent periods of torpor that these 
animals underwent. The large number of arousals appear to be very 
expensive energetically. A possible explanation for the large number of 
arousals, would be depletion of glucose reserves during torpor and the
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need to arouse to carry out gluconeogenesis. This situation has been
demonstrated in several hibemators by Galster and Morrison (1975).
Galster and Morrison (1975) report that the glucose reserves of some
hibemators (Citellus undulatus  ̂C. tridecemlineatus, Elionys guercinus^
Erinaceus europoeus) dwindle during hibernation. The glucose reserves
are apparently restored during brief homeothermal periods that divide
the season into a series of short, two week hibernation cycles.
The bO(^ tertperature measurements showed that these animals do not
undergo any drastic changes in T^ Wiile dehydrated at room temperature.
The longest dehydration period for a Grovp III animal was 8.5 days and
the T, in this animal fluctuated between 32-38° C. b
All Group I animals showed a similar pattern of body temperature 
fluctuations vhile in the hibemaculum from late October to late January. 
This pattem is unlike that found in many Sciurid hibemators that "linger" 
at certain low T^'s for a few hours to a day before continuing a steady 
decline in Tĵ  approximating the ambient temperature (Strumwasser, 1960). 
The boc^ tearperature measurements show unequivocally that black-tailed 
prairie dogs are capable of lowering their close to the ambient 
temperature in the winter and are capable of sustained periods of torpor.
TWO Group II winter dehydrated prairie dogs maintained their T^'s 
between 32-38° C for more than 30 days from late January to late February. 
This suggests that this species adheres to seme cyclical seasonal patterns 
of torpor related to reproduction, because some torpid females killed 
during the same period exhibited swollen ovaries and corpora hemorhagica 
These animals normally breed from late January through February, and they 
would not be expected to continue hibernating during this period. But 
studies by other researchers (Bon Wheeler, ibid) have shewn that the
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black-tailed prairie dog is capable of lowering its belcw 10° C vdiile 
dehydrated in a hibemaculum C) in the summer, after its breeding
season. Thus, it may be that torpor is iirpossible during the active 
reproductive period.
This stu<^ shews that the black-tailed prairie dog is a "facultative 
hypotherm", except during the breeding season. Further study is needed 
to clari:fy the rble that torpor and arousal play in this animal's responses 
to cold, dehydration, food deprivation and reproduction.
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CHAPTER V 
SUMMARY
While torpid in the winter, black-tailed prairie dogs do not possess 
a sodium or urea renal concentration gradient extending from the cortex 
to the papilla. Active prairie dogs in the surtmer and winter possess 
prcnouncedrenal medullary sodium and urea concentration gradients. No 
potassium concentration gradient exists in the kidneys of black-tailed 
prairie dogs at any time.
Comparison of bo^ fluid osmotic concentrations shew that torpid 
prairie dogs are less d^ydrated than active animals that are denied 
food and water in the surtmer and winter. Urea does not tend to accutttulate 
in the bood of prairie dogs during torpor.
During dehydration in the winter, bcx^ weight loss is probably due 
primarily to fat rtetabolsiiti, sparing lean body mass in the animal. When 
denied food and water in the cold, the black-tailed prairie dog undergoes 
short periods of torpor interspersed with short arousals (except during 
the breeding season). During torpor, the body temperature of the prairie 
dog closely ^proximates the ambient tarperature.
40
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ÜREA C3CNCENTRATECNS IN RENAL OISSÜE SUCES, PLASMA AND URINE 
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GROUP III ANIMAIS
Prairie Dog No. 13 14
iriBq/l̂  
12 16 15 17 Mean
Cl 80.1 47.6 32.6 56.1 51.8 61.2 54.9
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GROUP III ANIMAIS
mBq/1
Prairie Dog No. 13 14 12 16 15 17 Mean
Cl 50.6 60.5 70.5 69.8 71.1 73.8 66.0
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GROUP II ANlMAIfi
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GROUP I aUNAIg 
irtBq/1
Prairie Dog No. 18 19 20 21 22 Mean
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18 POTOSSIUM TF/P, U/t» AND MJSCUE/F KVHOS 
GROUP I ANIMALS
Prairie Dog No. 18 19 20 21 22 Mean
Cl 10.2 11.3 13.8 10.4 +f 11.4
C2 8.8 10,8 13.2 10.3 7.7 10.2
OZ 9.6 11.1 13.2 10.1 7.7 10.3
IZl 10.1 11.0 13.0 10.2 7.3 10.3
IZ2 9.8 10.6 12.7 9.9 ++ 10.7
Itentdnal U/P 7.8 9.2 16.6 9.1 2.0 8.9
^/P
-H- as No Sample Available
18.1 16.8 ++ 16.1 11.0 15.5
